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I. Two Component 
Composite Explosives 


When the decision has been made to 
use improvised explosives against a 
target, the target should dictate what 
type to use. There are three basic types 
of targets: 


1. Soft (earth and personnel) 

2. Medium (timber and concrete) 

3. Hard (reinforced concrete and 
steel) , 


Explosives can* also be classified 
into basic types. These are Low 
explosives that have the ability to burn 
(deflagrate) when ignited by a spark or 
flame (e.g. black powder) and High 
explosives that have the ability to det- 
onate when ignited by a detonator 
(e.g. TNT). 

High explosives can be further 
divided into low velocity, medium 
velocity and high velocity _ types. 
Velocity is the speed it takes to change 
a solid or liquid explosive into gaseous 
by-products. The velocity of this trans- 
formation is called brisance. It is mea- 
sured in  meters-per-second (MPS). 
Another, interrelated, characteristic of 
explosives is the amount of heat and gas 
produced by the explosive transform- 
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ation. This is measured in degrees of 
power. 

To conserve explosives and maximize 
potential, the correct explosive should 
be used with the proper target. Soft tar- 
gets require explosives that have high 
power and low brisance (Low explo- 
sives and Low velocity high explosives 
of 300-3,000 MPS). Medium targets 
require medium to high power and 
medium brisance (Medium velocity high 
explosives of 3,000-6,000 MPS). Hard 
targets require low to high power and 
high brisance (high velocity high explo- 
sives of 6,000-9,000 MPS). 

After deciding on what type of 
explosive to use (based upon the type of 
target) personnel then have to manu- 
facture the explosive in sufficient quan- 
tity to destroy or disable the target. To 
manufacture explosives in a_ hostile 
environment, the following points have 
to apply: 

1. There, is no elaborate chemical 
procedure to follow to produce 
the explosive. 

2. The separate components are in 
most cases readily available and 
at little cost, 


3. The separate components, if not 
available, are so basic a chemical 
compound that they can be 
readily produced with little or 
no effort. 

Composite explosives are generally 
two or three component systems which 
are mixed together just prior to use, and 
when simply mixed together, form 
powerful and/or brisant explosives. In 
most all cases involving composite explo- 
sives the individual components are not 
explosive until mixed together, thereby 
allowing complete safety in storage and 
transportation. Composite explosives in 
the past have consisted of various oxi- 
dizing agents (e.g. Potassium nitrate, 
Potassium chlorate, Potassium perchlor- 
ate, Ammonium nitrate and Ammonium 
perchlorate) mixed with various reducing 
agents, (e.g. Charcoal, Sulfur, Sugar, red 
Phosphorous, Aluminum and Magne- 
sium). These mixtures form powerful 
explosives, yet in most all cases they do 
not produce high brisance (6,000-9,000 
MPS) which is required to defeat hard 
targets, 

This slide series will deal with only 
the newer, high power/high brisance 
explosives which are a by-product of the 
advanced rocket research programs con- 
ducted by various commericial compa- 
nies over a period of approximately 


thirty years. 5 


Il. Nitromethane 
Liquid Explosives 


Early in 1945, Aerojet-General Corp- 
oration conducted a program aimed at 
finding a desensitizer for a liquid mono- 
propellant (Nitromethane) which occa- 
sionally detonated in the firing chamber 
of liquid rocket motors, During the 
course of the investigation, some of the 
additives used turned out to be excellent 
sensitizers instead of desensitizers. This 
discovery marked the start of a develop- 
ment program on liquid explosives that 
continues today. 

Liquid explosives have _ several 
major advantages over solid explosives. 
The most important property associated 
with liquid explosives is that every liquid 
has a uniform density. Uniform density 
is one of the major factors affecting the 
performance of any explosive. The more 
compressed a solid explosive becomes, 
the higher density it achieves. With 
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higher densities the solid explosive loses 
its ability to be detonated by other 
explosives (e.g. Detonating caps). In 
other words, it decreases in sensitivity to 
detonation with an increase in density. 

Another important point about 
density is that most solid explosives 
have a peak velocity of detonation 
(brisance) at a certain density. If this 
density is increased beyond that certain 
point, a decrease in velocity of detona- 
tion will result. 

Uniform density is especially impor- 
tant when preparing improvised shaped 
charges and other special charges. For 
these special charges to be effective, the 
explosive used has to attain its highest 
possible velocity of detonation quickly, 
and in a uniform manner. Solid explo- 
sives have to be carefully packed into a 
container in order to maintain proper 
density whereas liquid explosives can be 
simply poured. Liquid explosives have 
the added advantage of disguisibility 
either as a clear liquid or dyed with food 
coloring. 

Nitromethane is one of the safest 
and cheapest of the medium boiling 
point organic liquids from the stand- 
point of chemical and explosive stability. 


It can be ignited by an open flame with 
very little danger that it will explode. 
Nitromethane is relatively insensitive to 
shock at ordinary temperatures, It 
becomes somewhat more sensitive as its 
temperature rises. Nitromethane sub- 
jected to an impact test exploded under 
the impact of a 2kg weight falling from a 
height greater than 2 meters. Nitro- 
glycerin explodes under similar condi- 
tions when the dropping height is only 


35 centimeters, 


Slide No. 1 


Desensitized nitromethane will deto- 
nate only when a very strong detonator 
is used. It cannot be detonated com- 
pletely by means of a No. 8 detonating 
cap (2 grams of mercury fulminate) or 
with the addition of 1-8 grams of 


booster explosive (tetryl), The insensi- 
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tivity of nitromethane to induced deto- 
nation has been the major reason why it 
was not considered to be a worthwhile 
explosive. However, the addition of 
certain compounds (Slide No. 1) can 
render nitromethane more sensitive to 
detonation by a No. 8 detonating cap. 
For instance, strong ammonia-based 
compounds such as aqueous ammonia 
(household glass - cleaning _ liquids), 
aniline, ethylenediamine and _triethyl- 
amine are found to be strong sensi- 
tizers when used in small amounts of 
five to six percent by weight. 

When sensitized nitromethane is 
detonated, it proves to be a very power- 
ful explosive. The power output is 22 to 
24 per cent more powerful than TNT. 
The velocity of detonation is 6,200 MPS 
as compared to 6,900 MPS for TNT. As 
a point of reference, nitroglycerine is 40 
to 80 per cent more powerful than TNT 
and has a velocity of detonation of 
7,700 MPS. 

The first agency to use sensitized 
nitromethane explosives was Picatinny 
Arsenal. They needed a liquid explosive 
with uniform density properties that 
. could be loaded into shaped charge con- 
tainers and, when detonated, produce 
consistent results, shot after shot. These 


results were then compared against the 
$ 


Nitromethane Liquid Explosives 
same containers filled with various solid 
explosives that did not exhibit the same 
uniform density properties. The explo- 
sive used was called PLX (Picatinny 
Liquid Explosive), It consisted of a mix- 
ture of 95% by weight nitromethane and 
5% by weight ethylenediamine. When 
these two liquids are mixed together 
they produce a colorless liquid explo- 
sive that resembles water in appearance 
(Slide No. 2), This explosive can be 
handled and disposed of more safely 
than any other military or commercial 
explosive. 


Slide No. 2 


In 1965 a second liquid explosive 
(AEREX) was introduced to Special 
Forces personnel, It consisted of a mix- 
ture of 94% by weight nitromethane 
with 6% by weight aniline. In simpler 
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terms, 1 gallon of nitromethane is acti- 
vated by adding % pint of aniline, or 
50 pounds of nitromethane is activated 
by 3.2 pounds of aniline. Slides No. 3 
and No. 4 show the results of the deto- 
nation of 4 ounces of AEREX on a 
wooden storage shed. 


“thd 
Slide No. 3 


Nitromethane liquid explosives are 
easily prepared by thoroughly mixing 
the sensitizer with nitromethane. After 
mixing, the explosive can be poured 
through water and detonated after it 
settles on the bottom. Since nitro- 
methane liquid explosives are heavier 
than water, they should not be dis- 
posed of by flushing them down a 
drain, A potential hazard could exist 
because the heavier explosive would 
tend to settle in the drain traps rather 
than be flushed away. ml 


Priming is one of the most import- 
ant factors governing the proper func- 
tioning of explosives. PLX and AEREX 
when properly detonated have consi- 
derable power. However, this energy can 
be wasted through incorrect priming. 
To obtain maximum efficiency from any 
explosive, it is essential that the peak 
velocity of detonation be reached as 
soon as possible. This is accomplished by 
using the proper detonating device with 
sufficient power to completely initiate 
the explosive being used. It is recom- 
mended that an Engineer Special blasting 
cap or an improvised compound deto- 
nator of equivalent strength be used to 
initiate PLX and AEREX liquid explo- 
sives. 


oe 


Gideon. 
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Nitromethane Liquid Explosives 


Reliability of detonating cap initia- 
tion of PLX and AEREX is increased by 
positioning and immersing the detonator 
centrally with respect to the wall of the 
container. By so doing, the output 
energy of the detonator is transmitted to 
the explosive instead of being partially 
dissipated through the wall of the con- 
tainer. Confinement is another factor 
governing good performance. Essentially 
more confinement facilitates the initia- 
tion and increases the effectiveness of 
any explosive ‘including PLX and 
AEREX liquid explosives. 
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III. Nitromethane 
Solid Explosives 


KIC Kinetics Corporation in the 
1970’s developed a solid explosive based 
upon nitromethane and ammonium 
nitrate which generates at least 30% 
greater power than 60% dynamite and 
has 25% more brisance. Unlike PLX and 
AEREX liquid explosives, this solid 
explosive is far more sensitive to deto- 
nation. It can be completely detonated 
by a No. 6 detonating cap, making it 
easier to produce the detonators. An- 
other important factor which makes 
this solid explosive unique is that the 
sensitizer, ammonium nitrate, is also 
an explosive which adds its power 
to the power of the nitromethane for 
a far more destructive effect on the 
target, Also, lesser amounts of nitro- 
methane can be used to produce the 
same results as PLX and AEREX liquid 
explosives. 
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Nitromethane solid explosives are 
easily prepared by pouring the nitro- 
methane into the ammonium nitrate 
and allowing sufficient time (3 to 5 
minutes) for the nitromethane to soak 
completely into the ammonium nitrate. 
Since ammonium nitrate is extremely 
hygroscopic, it should be stored in a 
sealed container both before and after 
mixing with the nitromethane. The 
commercial explosive (KINEPAK) has 
a pink dye mixed with the liquid nitro- 
methane to indicate by color change 
when the two explosives are completely 
mixed, To produce a % pound quantity 
of explosive, 64 grams of nitromethane 
are poured into 160 grams of ammonium 
nitrate which has been ground to a fine 
powder. An important factor to observe 
when pouring the nitromethane into the 
ammonium nitrate is to not allow the 
ammonium nitrate to be disturbed after 
it has been soaked with nitromethane. 
Whenever a liquid is poured into a 
powdered substance, a natural ‘“caking 
action” will result, producing a fairly 
uniform density throughout the solid 
material, Since uniform density has a 
direct effect on final results, the ammo- 
nium nitrate should always be mixed in 
a rigid container and not in a plastic 


bag. 1S 


Nitromethane Solid Explosives 
Slide No. 5 shows two prepared 
samples of nitromethane solid explo- 
sive. The sample on the left is from a 
Y, pound charge of commericial 
KINEPAK (note the pink color of the 


Slide No. 5 


mixed explosive). The sample on the 
right is homemade nitromethane solid 
explosive. 


Slide No. 6 shows the materials 
needed to produce the explosive. 
These materials simply consist of a 
scale to weigh the separate compo- 
nents and a mortar and pestle to grind 
the ammonium nitrate into a fine 


powder. 


Slide No. 7 
Slide No. 7 shows that all that is 
required to produce the explosive is 
to pour the nitromethane into the 
ammonium nitrate. 
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Nitromethane Solid Explosives 


Slide No. 8 shows two types of 
containers used to store the mixed 
explosive. Whenever the baggie container 
is handled the density will be disturbed. 
However, this problem can be solved by 
using a rigid container such as a glass 


jar. 


Slide No. 9 


Slide No. 9 shows a % pound charge 
of commercial nitromethane: solid 
explosive on the left and a 2 pound 
homemade charge on the right. They 
are practically identical in appearance, 
but the commercial charge is recogniz- 
able because of the pink dye which is 


included in the package. 
18 


Slide No. 10 

Slide No. 10 shows the undamaged 
left rear bumper and fender of a car 
prior to the detonation of a % pound 


charge of commercial nitromethane 
explosive. 
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Slide No. 11 | 


Slide No. 11 illustrates the explo- 
sive force of the commercial charge 
listed above. Note extensive damage 


to both bumper and fender. 
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Slide No, 12 


Slide No. 12 shows the right rear 
bumper and fender of the same car 
prior to the detonation of a “% pound 
charge of homemade nitromethane 
solid explosive. 


Slide No. 13 
Slide No. 13 shows the destructive 
effect of the homemade nitromethane 


charge listed above. 
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Slide No. 14 


Slide No. 14 shows a 1 pound charge 
of homemade nitromethane solid explo- 
sive placed beneath the corner of a 
house. 
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Nitromethane Solid Explosives 


- ? WE” a 
Slide No. 15 

Slide No. 15 shows the wreckage of 

the house following detonation of the 


1 pound charge described above. 


a2 


V. Astrolite Liquid Explosives 


A completely new family of explo- 
sives has been developed with entirely 
new properties, giving rise to revolution- 
ary application concepts that never 
tefore have been possible with con- 
ventional explosives, 

The most significant of the new 
explosives are Astrolite A-1-5, said to 
be the world’s most powerful non- 
nuclear explosive; and Astrolite G, 
claimed to be the world’s highest deto- 
nation-velocity liquid explosive. Both 
explosives are remarkably safe to handle 
and are unusually versatile. Both also can 
be mixed from two nondetonable com- 
ponents in the field, which simplifies 
logistics and increases safety. 

Astrolite explosives are a product of 
advanced rocket propellant technology. 
They were discovered quite by accident 
in the 1960’s by research personnel 

Lom 


investigating a so-called rocket propel- 
lant that proved so powerful that it 
consistently destroyed rockets on the 
test stand. 

Astrolite explosives are formed when 
ammonium nitrate is mixed with an- 
hydrous hydrazine. Extensive solvolysis 
occurs with the liberation of large 


amounts of ammonia gas and a new 


chemical compound (hydrazonium ni- 
trate) is formed and remains in solution. 


Slide No. 16 


This produces a clear liquid explosive 
(Slide No, 16) called Astrolite G. When 
aluminum powder (100 mesh or finer) 
is added it forms Astrolite A-1-5. The 
proportions of the components are as 
follows: 
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1. Two parts by weight of ammo- 
nium nitrate is mixed with one 
part by weight of anhydrous 
hydrazine, producing Astrolite G 
explosive. 

2. Astrolite A-1-5 is formed when 
20% by weight of aluminum 
powder is added to the ammo- 
nium nitrate before mixing with 
the anhydrous hydrazine. 


The aluminum powder in the A-1-5 
does not react with the two main compo- 
nents but remains in solution to give 
added power to the explosive when it is 
detonated by a compound detonator. 
Straight detonators (No. 8 in strength) 
can be used, but the velocity of deto- 
nation will be reduced. The tremendous 
explosive power stems from Astrolite’s 
amine-based chemistry, which releases 
nitrogen and hydrogen gases. These 
expand more forcefully than the gases 
produced by the usual hydrocarbon 
explosives. 


Anhydrous hydrazine is classified as 
corrosive and is flammable. It should be 
kept away from any source of fire, flame 
or sparks. It is also mildly toxic and 
should be handled in well ventilated 
areas. Harmful effects may result from 
swallowing, inhalation of vapors or 
contact with the skin or eyes. In case of 
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accidental spilling, wash the affected 
area immediately with large quantities 
of water. Remove contaminated clothing 
and wash with water. Eyes should be 
flushed with water for fifteen minutes. 


Ammonium nitrate is an oxidizing 
agent and should be kept away from any 
source of fire, flame or sparks. 


The mixed explosive has a lower 
toxicity than the hydrazine. However, it 
is recommended that the same handling 
precautions be applied when handling 
the mixed explosive: Flush spills of 
Astrolite immediately with large 
quantities of water to neutralize; handle 
Astrolite only in well ventilated areas. 
The mixed explosive is relatively insensi- 
tive to shock and can be safely used in 
both Arctic and desert climates. 


Slide No. 17 
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Astrolite Liquid Explosives 

Slide No. 17 shows the separate 
components needed to prepare Astro- 
lite G liquid explosive. Rubber gloves are 


worn to protect against accidental 


spillage. 


Slide No. 18 


Slide No. 18 shows the actual mixing 
of the two components. The mixing 
container should be fairly large because 
the chemical reaction is extremely effer- 
vescent and can easily bubble over the 
top. Because of the _ effervescent 
reaction, the liquid hydrazine should be 
added very slowly so as not to create 
accidental spilling. The person doing the 
mixing should be up-wind of the mixing 
process so as not to inhale the poisonous 
ammonia gas which is liberated during 
the reaction. After all of the hydrazine 
is added, stirring should continue for an 
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additional five minutes. A small amount 
of solid residue may appear. This residue 
is inert and will not affect the explosive. 

Astrolite liquid explosives have sev- 
eral unique characteristics which permit 
great versatility of application in the 
field, 

The Astrolite A family of explo- 
sives, of which A-1-5 has proved the 
most powerful and adaptable for mili- 
tary use, is totally unrelated to any 
existing explosive compounds, Side-by- 
side field tests in both dirt and clay 
cratering and hardrock blasting have 
revealed that Astrolite A outperforms 
60% blasting gelatin by 3 to 5 times, 
and that it is 1.8 to 2 times more power- 
ful than TNT — greater than any other 
non-nuclear explosive. Yet the Astro- 
lite A family of explosives is 40 times 
safer than nitroglycerin explosives under 
adiabatic compression and impact shock. 
In demolition, Astrolite A produces 
crater volumes 3 times greater than C-4 
plastic explosive, and 1.5 times greater 
than PBXN-1, an existing high-power 
military explosive. 

Unlike Astrolite A, Astrolite G 
represents an entirely new approach in 
the ordnance field. Applications of 


Astrolite G are so revolutionary that 
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Astrolite Liquid Explosives 
its acceptance by the military — which 
already is occuring — will mark the 
introduction of new concepts rather 
than the replacement of military explo- 
sives. 

Astrolite G is a clear liquid explosive 
especially designed to produce a very 
high detonation velocity, 8,600 MPS, 
compared with 7,700 MPS for nitro- 
glycerin and 6,900 MPS for TNT. Astro- 
lite A has a velocity of detonation of 
7,800 MPS. 

Astrolite G has excellent propagation 
characteristics, propagating in tube dia- 


meters below one-half inch. In addition, 
a very unusual characteristic is that the 


liquid explosive has the ability to be 
absorbed easily in the ground and 
remains detonable. No other safe military 
or commercial explosive has this prop- 
erty. In field tests, Astrolite G has 
remained detonable for 4 days in the 
ground, even when the soil was soaked 
due to rainy weather. 

Several unusual applications are 
possible through the use of Astrolite 
G. One such application is that of the 
liquid land mine. Astrolite G is poured 
directly into the ground, soaking into 
and blending with the surrounding 


earth. The pocket of explosive then 
OS. 


can be initiated by a conventional 
electrically or mechanically actuated 
detonator. Such pockets of explosives 
can be dispensed by a foot soldier, 
motor vehicle, helicopters or airplanes, 
either in individual puddles or along 
continuous strips. These rapidly em- 
placed land mines can be used both for 
antipersonnel and antivehicular purposes. 
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Due to its high detonation velocity, 
very small charges of Astrolite G are 
needed for the liquid land mine. In 
Slide No. 19, Special Forces instructor 
is shown pouring 4 ounces of explo- 
sive onto the ground, 
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Astrolite Liquid Explosives 


Slide No. 20 


Slide No. 20 shows the Astrolite 
G-soaked ground, which appears to be 
merely a damp spot in the earth, pos- 
sibly from spilled water or an oil leak. 


Slide No. 21 


Slide No. 21 shows a detonating cap 
beside the Astrolite G-soaked earth. 
In practical application, the detonating 
cap would be buried or camouflaged 


and is shown here for illustrative pur- 


poses only. 


Slide No. 22 shows the crater left in 
the ground following detonation of the 4 
ounce charge of Astrolite G. Upward 
force of blast which, in this case, was 
expended into the air would have been 
devastating in antipersonnel application 
and would have been sufficient to 


disable even a light armored vehicle. 
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I. General Information 


A shaped charge (Figure 1) is an 
explosive mass which is so shaped that 
when detonation of the charge occurs 


the explosive energy is concentrated 
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FIGURE 1 3 


one direction. This feature gives the 
shaped charge greater penetrating effect 
than ordinary charges and thus makes it 
most useful for the blasting of holes 
through hard targets such as automobile 


engines, steel-encased transformers, etc.. 


STEEL PLATE 


FIGURE 2 
Plane Ended Charge 
Any flat-sided charge which is deto- 
nated while in contact with steel will 
produce a basin-shaped indentation 
(Figure 2), 


General Information 


If a simple cavity is fashioned in 
the target end of the same charge, it 
will cause an increase in penetration 
regardless of the geometric shape of 
the cavity (Figure 3). 


FIGURE 3 
Shaped Charge Without Liner 


Each of the charges shown in Figures 
1-5 consists of the same weight and type 
of explosive. Since one of the most 
important concepts to bear in mind 
when using improvised explosives is to 


always try to “limit the amount and 
Ro) 


maximize the potential”, shaped charges 
are excellent examples and should be 
used on targets such as electric motors, 
generators, transformers, steam turbines 
and various types of pumps as well as 
other targets that may be irreparably 
damaged by small shaped charges. 


When the cavity is lined with a 
material which has a low melting 
point (e.g., copper or glass), penetration 
is increased further (Figure 4). 
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FIGURE 4 
Shaped Charge With Liner 


Maximum penetration results when 
the shaped charge with cavity liner is 
detonated a short distance from the 
target. This distance is called standoff 
distance (Figure 5), 


STEEL PLATE 


FIGURE 5 
Shaped Charge With Liner And Standoff 


az 


LL. Teale 
of Shaped Charges 


The existence of a shaped cavity in 
one end of an explosive charge causes a 
directional development of explosive 
energy which occurs simultaneously 
with detonation. This directional force 
results from the high velocity of the 
gaseous and semigaseous molecules with- 
in the cavity. The force leaving the 
surface of any detonated explosive falls 
off rapidly at even a short distance from 
the explosive. This is not the case within 
the cavity of a shaped charge, where 
there is an actual increase in the velocity 
of the expanding gas. 


A logical assumption as to why this 
occurs is that the shock wave trans- 
mitted to the shaped charge explosive 
by a blasting cap causes a detonating 
wave to proceed downward and outward 
through the explosive at uniform speed. 
The descending detonating wave-fronts 
first come in contact with the cavity 
liner apex. The temperature at the cavity 
liner during detonation is normally from 
1,800 to 3,600 degrees F.; the velocity 
of the explosive normally ranges between 
20,000 to 28,000 feet per second. Con- 
fronted by the extremely hot and 
rapid detonating wave-fronts, the por- 
tions of the liner nearest the apex 
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squirt forward as minute fragments, 
molten matter and even vapors. Coinci- 
dent with this action the ever-descending 
detonating wave-fronts reach lower and 
lower planes of the cavity liner (Figure 
6). This tends to cause compression 
toward the center of the cavity, thereby 
adding to the impetus of the jet. The 
front of this jet is composed of highly 
dense gas and solid particles moving at 
speeds in excess of the detonating 
explosive. This is followed by slower- 
moving fragments, the residue of the 
highly compressed liner and fragments 
torn from the skirt of the liner. 


Penetration is achicved when the 
high-velocity jet gases and particles 
strike the target. Stated technically, 
the concentrated force of the jet makes 
an indentation in the target which is 
enlarged by radial pressure. This causes 
detrusion or plastic deformation of the 
target. Unless the jet penetrates the 
target there is no loss of target weight 
and the material is merely pushed out of 
the jet’s path. On the other hand, if the 
jet is capable of penetrating the target, 
the pressure will at some point be 
sufficient to force out a plug of target 
material, The jet, after it has pierced a 
target, may still exhibit considerable 
residual energy and cause further 
damage to the target. 9 


Detonator initiates ex- 
plosive reaction. 
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High pressure developed 
by explosion causes con- 
ical liner to collapse pro- 
gressively from apex of 
cone. 


Like toothpaste squeezed 
from a tube, a jet of par- 
ticles is squeezed from the 
inner surface of the cone 
as it collapses. Velocity 
of the individual particles 
of the jet range from 
10,000 to 30,000 feet- 
per-second. 


FIGURE 6 


As the energy of individ- 
ual particles is dissipated 
in penetrating the target, 
succeeding particles con- 
tinue to ‘’‘make hole”’ 


plete. 


In a matter of microsec- 
onds, the process is com- 
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prt, Chamneterictics of 
Shaped Charges 


The design of a shaped charge is 
- complicated by the interdependence of 
several factors which are discussed 
below. In many cases, particularly in 
homemade shaped charges, jet effi- 
ciency must be compromised by con- 
siderations involving one or more of 
these factors, with a resultant reduction 
in performance. 

The interdependent factors which 
must be kept in mind are: 


1, Uniformity: The uniformity of 
a shaped charge about a central 
axis is of great importance and of 
equal importance is the uniform- 
ity of the explosive which has an 
effect upon the uniformity of 
detonation. If a solid explosive is 
used it should be packed evenly 


(uniformly) around the inverted 
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cone without lumps or air 
pockets and the explosive should 
be detonated at the exact rear 
center , directly opposite the 
apex of the cone. Thickness of 
the explosive between the apex 
of the cone and the top of the 
charge should be equal to at 


least the height of the cone. 
Homemade liquid explosives, be- 
cause of their uniform density, 
make excellent explosives to be 
used in any improvised shaped 
charges. 

Liner Considerations: Shaped 
charge liners have been fabri- 
cated in many shapes and of 
a great variety of materials. 
For deep penetration, copper 
linings give maximum perform- 
ance, Cadmium, zinc, mild steel, 
aluminum and glass also assure 
satisfactory results, Most cavity 
liners are of a conical shape and 
have apex angles of 30 to 60 
degrees. The thickness of the 
cavity liner should be uniform 
and should be proportional in 
shape from the apex to the 
mouth of the cone. 
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High Explosive Fillers: Generally 
speaking, the more brisant explo- 
sives are the best for shaped 
charges. Explosives with veloci- 
ties of detonation greater than 
6,000 meters per second (MPS) 
should be used. However, impro- 


vised explosives with velocities 
as low as 3,000 MPS can be 
used. For the purpose of this 
slide series C-4 plastic explosive 
(8,000+ MPS) was used to show 
maximum results with home- 
made liners. However, explosives 
such as potassium chlorate/nitro- 
benzine (82/18 3,500 MPS) can 
be used with approximately 50% 
reduction in penetrating ability. 

Containment: Containment app- 
lies to the outer container which 
houses the explosive around the 
cone, When using high velocity 
explosives (6,000+ MPS) strong 
confinement does not enhance 


the over-all penetrating effect to 


any great degree and thin-walled 
containment can be used. How- 
ever, when using improvised 
explosives with low detonating 
velocities (3,000 to 6,000 MPS) 


confinement becomes critical to 


Characteristics of Shaped Charges 


their performance and _strong- 
walled containers such as steel 
pipes should be used, 

5. Standoff Distance: Standoff. is 
the term used to define the air- 
space between the base of the 
shaped charge liner and the 
target. This space is necessary to 
allow formation of the jet and 
any hindering material in this 
space will markedly reduce pene- 
tration. In shaped charges with 
conical liners, standoff for opti- 
mum performance increases in 
direct proportion to increases in 
the apex angle. For homemade 
shaped charges the standoff 
distance can be anywhere from 
0.75 to 1,5%tmes therconedia- 
meter. For the purpose of this 
slide series we used the greater 
distance of 1.5 times the cone 
diameter with extremely effect- 
ive results. 
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IV. Improvising 
Shaped Charges 


Any symmetrical glass utensil will 
serve as a suitable cavity liner for impro- 
vised shaped charges, Generally speaking, 
the more conical the shape the better 


the resulting penetration. Therefore, an 


inverted martini glass (with stem re- 
moved) would be better than an inverted 
water glass. 


Slide No. 1 
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In the following slide series we used 
three ordinary, commonly available glass 
cones (Slide No. 1) to form the liners for 
three improvised shaped charges (Slide 
No. 2) used against two inch thick 
armor plate (which happened to be the 


door off an explosive storage bunker). 


Slide No. 2 


COKE BOTTLE IMPROVISED 
SHAPED CHARGE 


A 16 ounce Coke bottle was used 
for test purposes, but a 6% ounce bottle 
will work just as well, giving the same 
penetrating ability with the expenditure 
of a lesser amount of explosive. 

The Coke bottle is unique in its 
application as a shaped charge liner since 


it has a sealed, “built in’ standoff 
\7 


*Slida’No. 3 


distance and can be used underwater to 
attack concrete bridge pilings or similar 
targets without the water filling the 
standoff distance and markedly reducing 
penetration. 


The first step in preparing the Coke 
bottle charge is to find a suitable outer 
confinement container such as a tin can 
or steel pipe (making sure it fits tightly 
around the widest part of the bottle as 
in Slide No. 3) and securing it to the 
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Improvising Shaped Charges 


bottle by the use of tape. Warmed C-4 
is then packed into the bottle and care- 
fully tamped to remove all air pockets 


around the cone base and sides (Slide 
No. 4), The amount of explosive used 
is governed by the height of the cone 
and should be two to three times the 
height of the cone measured from the 
base of the cone to the top of the 
explosive (see Figure 1), Due to the 
high velocity of the C-4 plastic explo- 
sive used for this slide series, 2X cone 
height was all that was needed to 


achieve maximum penetration, When 
using explosives with velocities of deto- 


nation below 6,000 MPS, 3X cone 
height should be used. 


Slide No. 5 
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To conserve explosives, the top of 
the charge should be dome shaped as in 
Slide No. 5. However, if the prepared 
charge is to be kept for more than a day 
before detonation, or if homemade solid 
or liquid explosive is used, a flat-topped 
charge will do. The point of detonation 
should be the exact top center and the 
base of the Coke bottle should be flush 


Slide No. 6 


against the target (Slide No. 6). If the 
target is not flat and horizontal, fasten 
the bottle to the target by any convenient 
means, such as by placing magnets 
around the base of the bottle or placing 
tape or string around the target and the 
top of the bottle. 

The effectiveness of the Coke bottle 
shaped charge against two inch thick 
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lide No. 7 

steel plate is depicted in Slide No. 7. 
Note the entrance hole diameter and the 
amount of ground disturbance beneath 
the plate. The exit hole is shown in Slide 
No. 8. Since the metal which had been 
below the charge was pushed into the 
form of a “rim” around the hole rather 
than blown free, it would indicate that 
the Coke bottle shaped charge should 
not be used on hard steel targets with 
a thickness greater than 3” if complete 
penetration is expected. 


MARTINI GLASS 
IMPROVISED SHAPED CHARGES 


Because of the uniformity of the 
cone shape in a martini glass, this charge 
produced the best results of the three 
improvised shaped charges tested. The 
first step in preparing the martini glass 


shaped charge is to file a notch around 
the stem at the apex of the cone (Slide 
No. 9). Rap the stem sharply against a 
solid object to break it off from the 


Slide No. 9 


cone of the glass (Slide No. 10). Place 
the glass upside down in any cylindrical 
container (tin can or stecl pipe) fash- 
ioned to the diameter of the mouth of 
the glass, then tape in place as shown in 
Slide No. 11. 
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Improvising Shaped Charges 


Slide No. 11 
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Next, load the explosive into the 
container in the same manner as was 
used for the Coke bottle shaped charge. 
But unlike the Coke bottle shaped 
charge, there is no “built-in” standoff 
provided for the martini glass shaped 
charge. A standoff can be improvised by 
taping or tying three pencils to the 
charge to form a tripod. The erasers of 
the pencils should be placed against the 


target material to prevent  siippage 


(Slide No. 12). 


Slide No. 12 
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Improvising Shaped Charges 

The charge should be primed with 
a blasting cap in the exact rear center 
as before (Slide No. 13). The effective- 


Slide No. 13 
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ness of this charge against two inch thick 
steel plate is depicted in Slide No. 14. 
Note the increased size of the hole and 
amount of ground disturbance beneath 
the plate as compared to the Coke bottle 
shaped charge. Because of the clean 
breakage of metal at the exit hole (Slide 
No. 15) it is believed that the martini 
glass shaped charge can be used on steel 


targets well in excess of 3” in thickness. 


Slide No. 15 
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WINE BOTTLE IMPROVISED 
SHAPED CHARGE 


Due to the fact that the cone in the 
bottom ofa wine or cognac bottle is more 
uniform than the cone formed by a Coke 
bottle, the penetration proved to be 
slightly superior and can be used on steel 


targets up to four inches in thickness. 


Slide No. 16 


The first step in preparing the wine 
bottle shaped charge is to separate the 
bottom half from the top half. This can 
be accomplished, usually after several 
attempts, in the following manner: Re- 
move the labels from thebottle, then soak 
a string or shoe lace in gasoline or kero- 
sene and tie it around the bottle at the 
point to be cut. Allow enough room 
above the apex of the cone to fill with 
explosive. Grasp the bottle by the neck, 
light the string, and rotate the bottle on 


ae 


a horizontal plane while the string is 
burning (slide No. 16). When the burning 
starts to die out plunge the bottle into a 


bucket or other large container filled with 


Slide No. 17 


cold water (slide No. 17). The bottle 
should crack and separate easily along the 
line of the string (slide No. 18), Cover 
the sharp edges with tape or rags to pro- 
tect the hands during loading, then load 
the explosive in the same manner as was 


8 Slide No. 18 


Improvising Shaped Charges 


used for the Coke bottle and martini glass 
shaped charges. Provide the same type of 
standoff as was used for the martini glass 
shaped charge. 


Po 


ty 


Slide No. 19 
The charge should be primed with a 
blasting cap placed in the exact rear 


center as before (slide No. 19). The ef- 
fectiveness of this charge against two inch 


steel plate is depicted in slide No. 20. 
Note the hole size and ground disturbance 
as compared to the Coke bottle and mar- 


Slide No. 21 


tini glass shaped charges. Slide No. 21 
shows the exit hole for the wine bottle 
shaped charge. Again, note the “rim” 
around the hole rather than a clean 
separation, indicating that the wine bottle 
should not be used on hard steel targets 
greater than four inches in thickness if 
complete penetration is to be achieved. 
Slide No, 22 shows to a greater extent 
the rimming effect of the various im- 
provised shaped charges. 
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